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Commentary Abstract: Tissue testing is a common practice in turfgrass management and is intended to guide nutrient applications. However, standard interpretations are a product of agricultural cropping systems and use yield as the primary metric. Yield is often of little importance in turfgrass systems and, thus, traditional test interpretations may be of little value. Reference ranges interpret test results by first defining a 'normal' population followed by analysis and determination of the 95% confidence interval for each nutrient. Moreover, reference ranges can be determined for cultivar, season, and age-specific populations, which would result in a more precise interpretation and nutrient recommendation for turf managers. Because reference ranges use the accepted turf quality metric, reference ranges should be considered as an alternate option to traditional turfgrass tissue test interpretations. 
Core Ideas
• Plant tissue tests are interpreted using yield as a metric.
• Turfgrass value is commonly measured using quality.
• Reference ranges identify "normal" nutrient ranges by using turf quality as a metric.
• Reference ranges should be considered as an alternative tissue test interpretation.
Abbreviations: CND, compositional nutrient diagnosis; CNR, critical nutrient range; DRIS, diagnosis and recommendation integration system. ratio of two elements in relation to optimum yield. The DRIS is particularly valuable in that the balance between nutrients can have a larger impact on yield than overall numbers of any given nutrient (Lucena, 1997) . Snyder et al. (1989) A third interpretation is the compositional nutrient diagnosis (CND). The CND is multivariate and factors in all possible interactions. It is capable of determining interactions between nutrients that occur at a higher order and, as such, can provide a useful plant nutrient diagnosis (Parent and Dafir, 1992) . The CND is particularly effective in that it compares element ratios to the total nutritional composition, resulting in recommendations that may be considered more accurately calibrated to yield than those of the DRIS (Lucena, 1997) .
Similar to CNR, the Macy concept (Macy, 1936) identifies three zones that correlate to nutritional response. These zones fall along a plant-nutrient response curve, in which the identified zones include luxury consumption, poverty adjustment, and minimum percentage. A critical percentage exists between luxury consumption and poverty adjustment, and this approach has been used in turfgrass systems. Geng et al. (2014) . Furthermore, Geng et al. (2014) determined luxury consumption of N to be 46 and 42 g kg -1 in Kentucky bluegrass and tall fescue, respectively. Many commercial tissue testing laboratories interpret plant tissue nutrient values using a fifth approach, referred to as survey ranges. A survey range is defined as a concentration range used when nutrient element concentrations have not been clearly identified as being deficient, sufficient, or toxic (Bryson et al., 2014) . Presumably, these ranges are collected from various published studies and provide an approximation of the critical values for deficiency or toxicity. It is unknown how many nutrient applicators are aware that the recommendations they may be following are based on survey assumptions rather than clearly defined nutrient concentration studies. This poses a serious concern for many applicators and underscores the importance of developing an alternative nutrient interpretation.
While each of the aforementioned interpretations may be particularly suited for determining the nutritional content as it correlates to yield, this perspective makes little sense in the context of turfgrass systems, where excessive growth may not be desired. Turfgrass systems such as lawns and golf courses commonly apply products to reduce growth rate and instead aim to consistently maintain aesthetic quality. Therefore, turfgrass quality should be incorporated as a metric to interpret nutrient concentrations.
A standardized system for the subjective evaluation of turfgrass has been established by the National Turfgrass Evaluation Program, taking multiple factors into consideration including density, color, uniformity, texture, and disease. Under this 1-to-9 rating system, a score of 1 is considered dead or brown turf, 6 is considered minimally acceptable, and 9 is pristine (Krans and Morris, 2007) . This standardized qualitative system would serve as a much more practical metric than crop yield when considering the nutritional needs of turfgrass systems. However, no such nutrient interpretive approach has been adopted in horticulture.
Reference Ranges
Reference ranges intend to answer the question: What is normal? Reference ranges are developed by sampling a large population that is known to be "normal" and then determining the 95% confidence interval of each nutrient. Ranges are based on a subjective evaluation of health and are considered the standard of care in medical science. Physicians will categorize a patient as "normal" based on that physician's opinion of the patient's overall health. The normal patient's test results may then be added to a database, which contains only samples from a "healthy" population. Finally, test results from ill patients are interpreted by comparing their test values to the reference range. Within turfgrass science, the accepted evaluation protocol provides the ability to identify an acceptable (healthy) turfgrass population by assigning a score of 6.0 or greater. This method of categorizing turfgrass populations was used during a pilot study in which nitrogen (N) was applied at rates of 0, 49, 147, 245, and 343 kg ha -1 yr -1 and phosphorus, potassium, calcium, magnesium, and micronutrients were applied as a single uniform application. Acceptable and unacceptable populations were identified and leaf tissue N concentrations were measured (Table 1) . Nitrogen rates of 0 and 49 kg ha -1 yr -1 resulted in unacceptable turfgrass, whereas greater N rates resulted in acceptable turfgrass. However, tissue N concentrations within the unacceptable population were within current N sufficiency ranges (2.49-4.56%) (Bryson et al., 2014) , indicating N was not limiting. This initial evidence indicates that the N concentration of unacceptable turfgrass may differ from current sufficiency levels and underscores the importance of including turf quality as a metric to interpret nutrient ranges.
Advantages
Specificity, simplicity, and ease of understanding are three primary advantages that reference ranges have relative to the existing nutrient interpretation philosophies. Are nutrient concentrations normal? The answer to this simple question is the intent of reference ranges. (Krans and Morris, 2007) , where 1 to 5 = unacceptable and 6 to 9 = acceptable. Data presented are from leaf tissue harvested for a project scheduled to be completed in May 2018.
Cultivar Specific
Each year, numerous turfgrass cultivars are released to the market with little knowledge of their nutrient concentrations. It might be presumed that the nutrient requirements of these cultivars are similar within species. Evidence indicates the contrary. McCrimmon (2001) reported the macronutrient concentrations varied among 13 bermudagrass [Cynodon dactylon (L.) Pers.] cultivars and concluded bermudagrass cultivars accumulate different concentrations of macronutrients when managed under the same N and potassium fertility. Clearly, a need exists to identify normal nutrient ranges within turfgrass cultivars. Relative to the current nutrient interpretations, reference ranges would easily address this concern because turf quality and clipping samples are often collected during cultivar trials.
Season Specific
Reference ranges can be segmented into time levels, which greatly reduces the risk of inaccurate interpretations resulting from the effects of seasons. Few, if any, current nutrient interpretations account for the natural changes in nutrient concentration among seasons. This one-size-fits-all approach to nutrient management increases the risk of misdiagnosis. In locations such as south Florida, it is common to sustain acceptable turfgrass in both summer and winter, yet nutrients concentrations among these seasons may differ (Cisar et al., 2001; Williams et al., 1997) .
Location Specific
Localized climates can influence plant growth and development (Carrow et al., 2001; Salisbury and Ross, 1992) and may result in varying nutrient concentrations even when plant qualities are similar. This variance is likely due to several factors including light, temperature, and rainfall. However, current nutrient interpretations discount this effect and only provide a single sufficiency range. It is possible for reference ranges to account for variances resulting from differences among locations and time. This would be achieved by laboratories developing their own site-specific reference ranges within seasons, a standard practice within other scientific disciplines (Battikhi, 2003; Jones and Barker, 2008) .
Points of Concern
Normal results do not ensure acceptable turf quality. Clearly, normal results are a good sign that the plant is healthy. However, significant overlap could exist between healthy and unhealthy populations, and because reference ranges for turfgrasses have yet to be developed, the exact overlap is unknown. Additionally, the causality of turf quality reduction may be unrelated to nutrient concentration changes resulting from issues such as nematodes, diseases, and insect pressure. Because pest damage may not manifest itself in the form of nutrient concentrations changes, the nutrient interpretation may provide a false result (Broschat, 2016) .
Abnormal results do not necessarily indicate causality has been identified. Turf managers who obtain results that differ from the healthy population may decide to adjust their nutrient management plan accordingly. For example, when pest damage results in changes to nutrient concentrations, a turf manager may apply nutrients, which would remedy the symptom rather than the cause. To that end, immediate changes to nutrient programs are not the intent of using reference ranges and may lead to under-or overapplication of nutrients. As nutrient values move further from the mean, that nutrient becomes of greater concern and a potential causality of unacceptable turf. Therefore, nutrient applicators should use reference ranges to guide their turf management plan rather than viewing tissue tests as a definitive solution.
Some previously mentioned advantages may also be considered cause for concern. References ranges will vary according to species and/or cultivar, environment, age of turf, and season. Nutrient concentration differences among varieties of the same species have been reported (Young, 2015) . Therefore, it is likely that reference ranges among cultivars will also vary. To this end, use of reference ranges developed from a cultivar should not be used for the entire species. Lastly, little information is known about whether sunlight, rainfall, humidity, altitude, or other variables would alter turfgrass nutrient reference ranges. However, these variables do influence the references ranges of human subjects (Oesterling et al., 1993; Royston, 1991) ; thus, it may stand to reason that these variables should be taken into account in turfgrasses.
Summary
Each of the currently accepted interpretations of plant nutrient concentrations are of value for many agronomic and horticultural plants. However, for plants managed according to aesthetic quality rather than yield, reference ranges may prove to be a more reliable, simple, and practical approach. Therefore, reference ranges should be considered as a viable alternative to the current accepted nutrient interpretations.
